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SUMMART 

AB approxlmat 
on Tarioua types o 
li presented toget 
The examples prese 
of the application 
double-split flaps 
forated split flap 
brakes on a flghte 
flap type, size, 1 
effects of altitud 
eharaoterlstles ar 

e method of applying the available data 
>t  flaps In the design of fighter brakes 
her with several examples of Its use. 
nted herein show the computed results 
of various arrangements of perforated • 
and combinations of upper-surface per" 

s and an NASA slotted flap for use as 
r airplane.  The computed effects of 
ocation, and deflection as well as the 
e and initial velocities on the braking 
e shown in the examples. 

INTRODUCTION 

A need has arts 
reduce the velocity 
that the pilot will 
desirable charaateri 
ares (1) enough inor 
the airplane within 
are applied; and (2) 
to maintain level fl 
as snail changes as 
trol position. 

In view of this need for fighter brakes, the NACA 
has undertaken an Investigation to determine the appli- 
cability of various existing types of flap and to develop 
methods of applying data on these flaps In the design ef 
fighter brakes. 

en for devices that will temporarily 
of attacking fighter aircraft in order 
have more time for firing. Two of the 
sties that a fighter brake should have 
sase in drag coefficient to decelerate 
a reasonable time after the trakes 
enough increase in lift coefficient 

ight as the velocity is reduced, with 
possible in angle of attack and eon- 
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MBXK0D8 Or 00MPUTAM0H8 

The preliminary requirements for Brakes on a fighter 
airplane (fig. 1) veni  (l) indicated Telocity to oe 
reduced from 400 to 300 alias per hour in 4 aeeonde, (3) 
brakes to ocoupy the same span as the existing flaps, (3) 
average acceleration to he about l.Sg.  The airplane 
geometric characteristics used in.the computations weret 

8 wing area, 260 square feet 

b wing. spar.j 38.0 feet 

e wing mean aerodynamlo chord,' 7.01 feet. ' • 

bf flap span, 0.525"b (not Including fuselage)- 

Of average flap chord, C.SOSo <  • ' 

V gross weight, 7063 pounds 

The effeots of the-flaps were assumed not to be con- 
tinuous through the fuselage. 

far the preli 
forated douMo-sp! 
motion was aseumed 
equally to:40°in 
the nex* .3 ^second's 
second. , .fcn&le 'oi 
coefficient  C^', d. 
mooent eoef fi'eiept 
velocity V  were 
•recoe 1 by -a ste?- 
Ubl ng half.i-second 
fhips: 

nln&ry investigation 
it flaps were used, 
< the upper and lo.we 
1 'second, then to a. 
, "and then tistK to • 
.itta'jk. a,. (to; co.i 
ag coefficient  CD, 

then detorEir~.d fro 
-hy-step aethvi as i 
intervals and the fu 

in which the per- 
an arbitrary flap 
r flaps deflect 
xaxinum el' CO0 in 
',ro i.i the next 
aiantr .lift)', lift 
and pitch'ing- 

accelev?.iion  a, "and indicated 
m the data in ref- 
n reference 2, 
llowing relation- ' 

Change In true velocity 7 per unit time  t. 

AT 
t 

ACr 

Ohange tn indicated velocity V«  per unit time •, 

a -"Fy*?-,!W' 
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t      Ox, « 

«hare 

g    gravity (33.2 ft/sec* or 81.8 mph/see) 

a  ratio of density at altitude to sea-level density 
(p/P0) 

Indicated velocity V,  miles per hour 

T« (t) T« (t - 0.8 , - [a* (0.e)(31.9) ^] 

et sea level 

T,(t)-T,(t-0.6)-(
10-96^). . 

a> 38,000 feet 

Y» CO -T,(t - 0.8) -[O.e7)(l0.95)^] 

Or. - -=- Sq. 
7063 

/'Y'V 26\löö)     36'6 [too) 

•Bd q Is dynamic pressure l^T ', fe The effeete of 

Ohanges In thrust during deceleration were neglected In 
order to sinpllfy the computations. 

In trie cases where the angle of attack was maintained 
at a constant value, the flaps were assumed to operate 
differentially in such a manner that the l.-irger deflec- 
tion of the lower flap supplied the lift coefficient nec- 
essary to maintain the constant angle of attack and the 
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drag and. deceleration characteristics remained the ease 
ae those of the arrangement with equal up-and-down de- 
flection«. 

Vor the investigation of the uae of the slotted flap, 
an arbitrary acceleration curve was assumed; the acceler- 
ation inoreased uniformly from zero to l.Og in 1 second, 
remained constant at l.Og for 3.5 seconds, and decreased 
to zero in the next second,  from this acceleration curve 
and the initial velocity and altitude, it was possible to 
compute the curves of velocity, lift coefficient, and drag 
ooeffiolent against time.  From these basic relationships, 
the data in references 1 to 3, and the data presented in 
figure 3, it was possible to compute the characteristics 
of the various combinations of split flaps and slotted 
flaps,  Figure S, based on unpublished data, presents 
estimated characteristics of the fighter wing with a 
elottad flap. 

It must be remembered that, in the use of data from 
references 1 and 2, curves for the coefficient increments 
were drawn through points at flap deflections of 0°, 30°, 
and 60°, with no intermediate points.  Although these 
data are considered reliable and are sufficient for us« 
In determining the capabilities of a system, it is recom- 
mended that more data at intermediate flap deflections be 
obtainsd for use in specific designs. 

DISOUSSION 

Perforated Double-Split Flaps 

The computed characterl 
with various arrangements of 
are shown in fibres c(a) to 
and differential operation o 
ure 3(a) for the flaps loent 
increased altitude are to ir. 
tlon and to decrease the inc. 
With differential operation 
the wing pitchin^-monent coe 
during deceleration can b e m 
Dan be eliminated. Figure 3 
flaps a change ir. Initial in 
300 miles per hour decreased 
and the indicated-velocity r 

sties of the airplane equipped 
perforated double-split flaps 
5.  The effecte of altitude 

f the flaps are shown in fig- 
ed at 0.7P3c.  The effects of 
creise the .; jximum accelera- 
te:., cd-velocity reduction, 
of the flap; the ehnnpes In 
fficlents and nn,-le of attack 
lniiiused rnd in scinp cases 
(b) shows that for the same 
dicated velocity from 400  to 
both the maximum acceleration 
eduction by about 40 percent. 
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Moving tooth the flap« forward to the 0.60c line increased 
tooth the maximum aoeeleratlon and the indicated-velocity 
reduction toy   atoout  10 peroent   {tig.  4).     Figure 5  «how* 
the  computed  characteristics   of  the  airplane with the 
upper   flap  located  at   0.793c  and  the  lower  flap  located 
at  0.4Cc;   this  arrangement  produced the  same acceleration 
and  Indicated-velocity  reduction  ae  the arrangement  having 
tooth  flaps  at   0,792c  tout  prcducad a much  larger  change  In 
wing pitching-moment   coefficient.     D/ita  in refereneee  1 
and  2  indicate,   however,   that  there would toe  less wake 
effect   on the  tall   of the  fighter  airplane under  consid- 
eration  if the  staggered  flaps  were used.     The  estimated 
wake  locations  are   Indicated  In  figure   6. 

Combination  of   Slotted and  Split  Flaps 

She  computed  characteristics  of the  airplane  equipped 
with a slotted  flap  and  three   sties   of perforated upper- 
surface  split   flap   locr.ted  at   0.80c  are   shown  in  figures 
7  to 9.     From  these   figures   it  can toe  seen  that  the  flap- 
deflection  system  and  the   size   of the upper-surface   flap 
Can toe   so  designed  that   the  effects  of  the   flaps   on  angle 
Of  attack and wing pitching-moment   coefficient will toe 
minimized. 

A core  complete  determination   of  the   effects   of  any 
of  the  flap  arrangements   on  the longitudinal   stability  and 
control   should tot  made toy  wind-tunnel   tests   of a  complete 
model   of  any proposed  installation.     Past   experience has 
shown   that,   in  aay  torake   installation  utilizing  split 
flaps,   the  area   of  the  flap   should toe   reduced toy  at   least 
26 percent  toy  perforations   in  order  to   reduce  tail touffet- 
ing. 

Operating Forces 

A large amount of data has toeen p 
hinge-moment and load characteristics 
and slotted flaps, tout comparatively 1 
the effects of perforations or of vari 
•ration on the forces required to defl 
The results of some experiments on var 
erating split flaps have toeen reported 
the effect? of large amounts of perfor 
not considered. In view of the rapid 
quired at  uigh  velocities   in  the use   o 

utolished  on the 
of various   split 
ittle   is  known  atoout 
ous  methods   of  op- 
ect   •jT'lit   flaps, 
ious   aethois   of  op- 
in  reference  4 tout 

atlon  were  apparently 
flap  operation re- 
f  fighter brakes, 
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It 1« recommended that additional research bo undertaken 
to determine the effects of perforations and method« of 
operation on the load« and the operating faro«* of brake 
flap«« 

C0SCLÜBIHO RJS2UBK3 

An approximate method for the application of data on 
various type» of flap to the design of fighter brakee ha« 
seen presented together with several example• of its ap- 
plioatlon.  The examples presented «how the computed ef- 
feota of flap type, size, location, and defleotlon as well 
a« the effects of altitude and initial veloeity on the 
Braking; characteristics of a fighter airplane.  The results 
of the study indicated the desirability of obtaining more 
oomplete data on the'various types of flap and also the 
desirability of wind-tunnel tests for determining the ef- 
fects of the brake flaps on the longitudinal stability and 
eontrol characteristics of the airplane. 

In view of the comparatively rapid flap operation re- 
quired at high velocities in the use of fighter brakes, 
it appears that additional research on flap loads and op- 
erating forces is necessary. 

Langley Memorial Aeronautical Laboratory, 
Vational Advisory Committee for Aeronautloe, 

Langley Field, Ta. 
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1. Purser, Paul 1., and Turner, Thomas H.i  Wind-Tunnel 
Investigation of Perforated Split Flaps for Use a« 
Dive Brakes on a Rectangular WAOA 23012 Airfoil. 
HACA A.C.H., July 1941. 

8. Purser, Paul E., and Turner, Thomas H.: Wind-Tunnel 
Investigation of Perforated Split Flaps for Use as 
Dive Brakes on a Tapered NACA ssoi a »•'-"   «""• 
A.H.H.. JToy. 1941. 

. — *»^ •> *w* was as 
Tapered NACA 83012 Airfoil.  HACA 

Hogallo, F 
Slot-lip   _ _ 
HAOA A.C.R. , April IS«! 

sin* it     ,.,       Aorodynauio Characteristics of a 
51JI!"*1? A"«on.»4 Slotted Flap for Dive Brake. 
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Flap deflection,fif.ing 

Vigor« 2.- Estimated Increments of lift,drag,ani pltching-momant 
coefficients duo to deflecting a(0.208 c by 0.525 b)»lotted 

flap on tho wing of a fighter airplane ct =0°. 
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Flftr* 8^T-Compiite4 tint*- history chmnetV-iaiKt dutif.a jicelemiiitn 
crF i/ie. fighter oirphm ofw/pe*4 viiih fijfhlw bnikt.% ovt- 
sotinj oF&g08c bu&teSb frfemtadjoobli :plit flaps. 
Flips locate* at 0.79Zc. 
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Figur* 4 •- Compute* iimm-history etmncttrhiics dutiny   dacmh ration 
of M* ffphttr Qirpta/im eauifptd with fifhttrttvAescon- 
thtiny öf 0.208c 6u aSZSA pmrforwttel jott/m y/itfMp*. 
Flaps /OC*t*d *t 0.60c. 
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Mfore 6.- letinated nake locattoas for the filter airplane equipped 
with 0.208c toy 0.525b perforated double eplit flap«. 
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wtth fighter brake* consisting of a. 0206c by 
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Tim», t, see 

• Computed -timc-h/story characteristic*  during 
deceleration of ihm. fighter <xJrpla.ne equipped 
with fighter bra.Hes consisting of a. 0.208c jy O.SZSÖ 
Slotted. fle-p and a. O.ZSc bjt ttS2Sb upper-surf a-cm 
perforated split fla.p.CCo*nputed   for sma. level) 
Opptr^sorfac* fhp faceted at OSOc. £j-*«—».* 
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